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Summary

Intensive changes e structure of the grid due to the penetration of new technologies, coupled with
changing societal needse outpacing the capabilities of traditiogald control systemsThe gap is

widening atan accelerating rate with the biggest impacts occurring at the distributiomlleved the
widespread adoption of diverse distributiconnected energy resources (DERhis paper outlines the
emergingdistribution grid control environment, defines thew distribution control problem, and

provides a distribution control reference moddéie reference model offers a schematic representation of
the problem domain to inform development of system architecture and control solutions for tB&ERigh
electricsystem.

* For control purposes, DER consists of Distributed Generation, Distributed Storage, and Demand Response.
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1.0 Gri d Contr ol Functi ons

Present day grid operation is based on several key principles: genesatgmralized, connected at the
transmission level and dispatchable; the grid has essentially no energy storage capability; distribution
dynamics are slow and distribution can be treated as a fairly predictable passive load attached to
transmission but naitherwise integrating with the bulk system. At the distribution level real power flow
is oneway to the customer.

11 Types of Grid Control

Grid control is not a single function; it is a group of functions that can be classifietRioategories.
The categries, which include both bulk system and distribution functions, are listed in the table below.

Table 1. Grid Control Classes

Control Type Comments

Daily on-off scheduling of generation units, usually oreannomic
optimization basis

Unit commitment

Primary generator control Internal control of generator power, frequency, and output voltage

Hourly scheduling of generator power output on a-alagad basis or intral

Generator dispatch/scheduling hour on a real time basis

Adjustment of generator power to follow load and maintain scheduled

Balance (and interchange) power exchanges with adjacent Balancing Authority Areas

Automatic adjustment of generator outputs to split load proportionately
Load sharing across a set of ngbrked power generators; done via droop control at tH
transmission level

Direction of power flow in transmission and distribution circuits via
Power flow control switching, and via phase shifting transformers, power flow controllers,
variable frequeey transformers

Feedback control to maintain a parametersstgoint Two main types in
power grids are frequency regulation via load frequency control, ancill
services and automatic generatontrol and voltage regulation (which
usually also includes reactive power regulation)

Regulation
1 System frequency contro
1  Volt/VAr regulation

Real time compensation for disturbances that can or would cause grid

Stabilization instability, e.g. damping intearea oscillation

Adjusting AC phasétiming) to synchronize an AC generator or inverter

Synchronization with the (operating) grid

Control of certain loads by the utility via direct control commands, mog

Direct load control in the form of load shedding or setbacks

Modulation ofenergy usage via signals or schedules that may include
Indirect load management pricing or other indicators; the load devices react via their own policieq
so are not directly controlled

11



The fundamental control paradigm for thé"Zentury grid was dynamic balancing of generation al
load in a loadollowing manner by dispatching generation, subject to limits on system frequency
voltage levels. In practice this meant control of gradver state

/ \
Dispatch _  Gen |

Grid Markets {/L'
and Controls Power state
Commands Power Grid —| [T > \Voltage
T *Frequency
Y
Loads
Measurement
Estimation —
Forecast
1.2 Control / Mar ket |l nteractions

At the bulk system level, SO6 s and Rigéaized winolesalpowdr and energy markeSuch
markets have connections to bulk system contalriouskinds of market/control interactions exiand

in some cases, distribution level DER resources (most commonly DR) are bid into these markets and are
dispatched by the ISO/RTO. At the time of this writing, distribution level markets do not exist in the US,
but are being contemplated in severalestasuch as New Yofk.

1.3 Traditi onal Distribution Grid Control

Traditional distribution grid control was based on three functions: flow control, Volt/VAr regulation, and
Demand Response. Flow control was accomplished through simple switching, most of afich w
manually directed. Voltage was controlled through regulators, and serial line drop compensators, some of
which were automatic and some of which were manually adjusted. Reactive power was initially
controlled (mostly by switching capacitors in and outiofuit) to perform support for voltage regulation.
More recently, voltage and reactive power control became integrated, with optimization methods being
applied to satisfy various objectives, including minimizing the number of voltage regulator opérations
order to reduce maintenance problems. At present, Integrated Volt/VAr optimization is used for any of
three objectives: simple voltage regulation, unity power factor control, and conservation voltage
reduction. Automated solutions for Integrated VoRAControl (IVVC) operate in both centralized and
distributed forms. Distribution SCADA, where it exists, has a-&nth spoke structure, generally using
communications networks owned by the utility itself.

5JeffreyDTaft,LorenzoKristqv Paul De Martini and Abhishek Somani, i M
for Electric Power .Grids, O PNNL white paper

®14Mm-101: Reforming the Energy Visioayailable online:

http://www3.dps.ny.gov/W/PSCWeb.nsf/All/26 BESBA93967E604785257CC40066B91A?0OpenDocument
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20 The Evoluitstomi lmdit iDon

A variety of forces are changing the requirements for grid operation. These include the increasing
replacement of traditional generation at the bulk system level witldispatchable generation sources,
especially wind and solar; the rapid p&ation of generation (both dispatchable anddispatchabler
Avari abl eod ) atheodistribtitorslevél; YhE ¢ of "prosumers” (prodiwcmersumers who

can put energy back into the grid at the distribution level as well as take it frgndjehe emergence

of microgrids and other local energy networks that can isolate themselves from the main grid and operate
seltsufficiently for a time; the constant push to operate the grid for economy, thus driving reduction of
operating margins origally established for reliability reasons; and the desires of customers to have

choice in energy sources, to have transparency of energy usage information, and to have improved
reliability and resilience in the face of natural and human stresses (irgchitticks) on the grid.

Some consequences of these changes are decreasing system inertia, growing volatility of generation
sourcesreduced predictability of distribution system behavaémg mismatch of generation and loads,

leading to complications in amaging grid power balance and stability. Fundamental changes in grid
structure due to the rise of distributed generation, increasing speed of dynamic behavior of the distribution
grid (too fast for humain-the-loop operation), increasing need for highaliy reliable, resilient power,

and enormous increases in the complexity of the grid are all changing basic assumptions about grid
control.

In response to the emerging trends and resulting systemic issues, electric distribution is being changed in
a variay of ways. Overall, distribution is beginning to experience an evolution that will impact not just
electric circuit technology, but also industry structure, business models, and regulation. This evolution
varies, depending on utility type, geographic dethographic issues, and resource availability. Some

large Investor Owned Utilities are considering a transition from beingvagepower delivery channels

to being Nway broadaccess networks where any qualified entity can use the distribution network to

carry out energy transactions with any other qualified connected antityhere buildings may become
integral participargin reattime operations via pooling customer resources in order to seek access to
different value stream®thers are considering enging Distribution System Operator (DS@pdels

where the DS@nanages all of the DER assets in its service area to meet its agreement with the
ISO/RTO/Balancing Authority at an interface point such as an LMP node or Transmission/Distribution
substation, \Wwile taking responsibility for safety and managing reliability in the distribution service area.
Some of these models include operatingetsundeveloped distribution level markets for DER and

providing scheduling coordinator functions for economictranisda ons wi t h | SO0s and ev
micro-transaction clearing servicé#lany coops have organized or are organizing into microgrids and

may become networks of microgrids. Likewise, some communities are considering becoming microgrids
or Local Energy Nivorks®

" Kristov and De Martini, 2% Century Electric Distribution System Operations, available online:
http://resnick.caltech.edu/docs/21st.pdf
8 See EPRI documehttp://smartgrid.epri.com/doc/IntelliGH8martesTransmission_Nox2011.pdf
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The evolving paradigm for grid control in the*XTentury is dynamic balancing of generation, load
and DER in a hybrid soureandload following manner by dispatching some generation, and usin
storage and load reduction, subjecboundson system frequency, voltage levels, and DER

capacities. In practice, this means control /coordination ofpgnider state, energy state, and load
state

P

f/‘ \~ V
Dispatch _ 4 Gen /) | VER
Grid Markets %—5 {75

and Controls X Power state
Power Grid + 4
>Voltage

Storage T ~ Frequency

Ener, st%te
Loads and DER %

Measurement K/
Estimation
Forecast

Commands

\___DER Signals ;

While the inplications for change are systemide, the largest impacts are proving to be at the

distribution level. The penetration of DER, combined with new capabilities for loads to be responsive to
grid conditions is creating a rapidly changing environment for distribution grid control. These changes
have also resulted in a-essessment of the roles and responsibilities of the distribution service provider,
and its relationship to the bulk system, especially in the ISO/RTO market environment.

2.2
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The diagrams below illustrate a pair of views of a future distribution grid. Note that these diagrams are
not an architecture and do not represesulation desighi they are depictionsf a reference model that
illustrates key aspects of the new disttibn problem domain from a control point of view. Reference
models are used in grid architecture work to depict problem domains from various points of view. In this
case, distribution coordination and control is the relevant point of view.

Figure 1belowd pi ct s

a

portion o

f a distri

buti

on

system

roles. In addition to wind and solar generation sources, the model incorporates responsive loads,
transactive buildings and a microgrid. It also contains threesl@feitorage: substation, neighborhood,

and behind the meter. Power electronic flow control is depicted via inline flow controllers and solid state
transformers but sectionalizing is via standard reclosers. Partial meshing of feeder primaries is depicted,
with the intertie being a power flow controller instead of a switch. The feeder primaries are instrumented
with line sensing and Volt/VAr regation is done atarious feeder locations. Fast voltage stabilizreai$o
provided via power electronics at tfemder level
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Figure 1. Advanced Distribution Reference Model Physical Environment

The distribution system is managed by a Distribution System Operator (DSO). While there are a range of
DSO models under consideration in the isttly, this reference document presurtegthe DSOhas

substantial responsibility for coordinating DER operation in its service territorfiardies the interface

to the bulk system Transmission System Operator at an LMP node or transmission/distribution

3.1



substatior. Figure 2 below illustrates a general control environment for distribution under the scenario of
large penetration of DER and consequent reorganization of the distribution service pmiriderporate

the necessary DSO functional capataktiDistribution servicas provided bya combination of DSO and
DistributionOwner the entity that owns the distribution system assets and is typically responsible under
state or federal law for their safe and reliable physical operation and na@iogenNote that in the short

run, DER resources will continue to bid directly into ISO markets (dagtesaline). Eventually, the
scalability issues and reliability compromises inherent in this approach will result in all DER being bid
through theDSQO, evenif some is intended for system support via the ISO markets. In that case, the
dashedyreenline would not exist.

ISO ’ — | Transmission
Coordination
Markets ’ | Operator
KEY A Bulk Syst
= Market Data I H ystem
= Sensor and Meter Data
e DER Coordination | 8 ®) (r:;:
— Dj o} ® T
Direct Control _I. —“—soer— — — — — — dg3— —
=) <3
| 59 38
Sa .
& Ee. Eaf e e _I Distribution System
| Distribution System Operator ; Distribution Owner
| o | B :
Distribution L =, Grid
| > Markets l\/lJTrket/ControI lﬁeraqtg - Control
| — — — — __ - — — — __ DER Coordination %
Non-utility networks — )
/ﬁ (e.g. internet) DER Control N\ @ Direct DER Control >
]
5 = Indirect 3% Party Telemetry | < D= — e — — — 2
ESO’s/ DER Coordl X - g b
= aggregators v 4 s ) E 5 = ™
~ L5 ol =
ol Market Info ~ v © Utility network & )
413 Market - y networks o
- — 7 § 7 y y § L~ -~ Z 2 |~
el i e B ATT ~ A a L o
Y Jodm| Wit g — - ™ =
v A 4 w V w A
Consumers | | Prosumers 3" Party DER
¢ ; M&V Data v Sensingand | _ Grid protection and
measurement | control devices
Grid infrastructure: wires and poles, i T
transformers, substations, etc. L —————| Utility storage
Distribution Network

Figure 2. Advanced Distribution Reference Model Control Environment

°P. De Martini and L. Kristov, 2015 forthcoming, Distribution Systems in a High Distributed Energy Resources
Future, Future Eladc Utility Regulation Series, Lawrence Berkeley Nationabduatory, prepublication draft
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31 Multiplicity of ME&ohketopl 65€nsrdgnaandrt
Channel s

In this environment, the DSO structure and the penetration of DER impact markets, control, measurement
and verification, and communications profoundly. Key aspects of this model result in an increase in the
number of channekbhroughwhich the utility interacts with its consumers, prosumers, and merchant
suppliers, which introduces new requirements for distributantrolsystems and communications

networks.

311 Ownership of DEROGS

Four types of DER ownership are depicted in thelehaConsumers may participate in Demand
Response progranisthese may comprise residential, commercial, and industrial facilities as well as
microgrids (including transactive buildings). Prosumers may also provide Demand Response (or more
generally Net Lad Reduction via DR, G and/or DS), as well as other power and energy services.
Merchantand nonrprofit third partyorganizationgsuch as municipal utilitiesnd Community Choice
Aggregator¥) will own DER (which may be installed at residential, comnigd;or even industrial
premises not owned by thieird party) specifically intended foboth customer load management as well
asgrid services or other energy capacityalue propositions. Finally, the Distribati Ownemay own

DG and/or DSomponentgor use on their grids.

3.1.2 Communications Network Channels (purple clouds)

The future distribution model has two types of communication channels: the familiar utility network(s)

that connect to grid devices, and ndtility networks such as the internet asttier third partyowned

networks (e.g.the Harris national fiber network). It will be necessary to connect via the internet because

most DER assets will not connect through utility networks but will be routinely equipped with internet
connectivity. Thesd evi ces will in general have AClIloudod conn
such as aggregator services and analytics, wild.l b
the Cloud in such a way as to appear seamless. Consequenthestimdssare depicted as part of the

Cloud in Figure 2.

3.1.3  Market Access Paths (green lines)

DER assets can be bid into DSO markets either directly or via aggregators. In either case, the

communication path is via the internet and Cloud. In one variant @$i@model, DER may bid

directly into the 1ISO market, individually or as elements of aggregated virtual resources, as shown by the
dashedyreen line in the diagram. In another variant of the DSO modelldshedyreen line does not

exist and DER accesstohe | SO bul k mar kets is only through t h
visibility extends only to the -D interface. Therefore, although market bids, settlergaatity meter

data and other financial information flow along the green lines, DER dispabrdination does not (see

Control and Coordination Paths belo®ue to the need for dispatch coordination by the DSO/DO, a

question for further consideration is whether the added coordination challenges of allowing direct DER
participation inthe whoksale marketdashedyreen line) is outweighed by the benefits.

¢ c A b sdiregtracess providers created by city or cogotyernments for their areas that utilizelawestor
OwnedUtility distribution system

3.3



3.1.4  Control and Coordination Paths (red and black lines)

In themodel, there are two different paths for DER coordination (in red), one path for direatddi&Bl

(in black), and anothgrath br standard grid control. The three DER paths make use of the internet for
communications because that is how the-utility DER assets are connected. Two are coordination
paths: one for direct coordination of DER by the DSO, and one for indirect caadine an

aggregator. The third path is for direct control of DBy the DOportion of the utility. An example

would be command of DG or DS inverters for reactive power control. This form of control resembles
traditional grid control but the assets lgezontrolled do not belong to the utility and do not have utility
network connectivity.

The fourth path for traditional grid control makes use of standard utility networks. It is possible that some
DO6s will empl oy t he i ntresr(suahbs mumicipal AR, dut evenwsd, &lli ¢ s h a |
four paths will still act as independent virtual private networks for security purposes regardless of how the
physical networks are arranged.

3.1.5 Sensing and Measurement Paths (blue lines)

Sensing and measuremeiatta will arise for three distinct classes of sources: grid sensors and devices,
meters, and DER devices and syste@rid power state and energy state data will be collected in the
usual manner, via SCADA and utility network(s). This includes meterfdatsoth billing and DER
measurement and verification. Given the complications that DER may cause on a distribution grid,
distribution sensing will require somewhat sophisticated observability strategies, may include new kinds
of sensors, and will certdininvolve much greater data volumes and rates.

In addition to utilityo wned sensor s, DO6s will use data from th
devices. Such telemetry will travel via the internet and Cloud, so that network state data will dneve at
DO through two possibly distinct channels (internet/Cloud and utility networks).

3.1.6  Additional Depictions

Appendix A shows a depiction of the present day model for distribution control with DER in an ISO/RTO
environment.

Appendix B shows a mapping of cdd&O/DO functions onto the diagram Bfgure 2..

32 The Mi xed DER Contr ol Probl em

The coordination of a mi xed set of DEROsIn ( DG, DS,
some instances, diverse DER types may exist in a local area simply as af iegolitmentation by

customers and third parties; in other instances, an aggregator may formulate a virtual resource comprised

of diverse DER typed hese assets are capable of providing four classes of control effects to the grid, but

not with uniform caphility. The four types of DER control effects are:

1 Energy Supply providing energy into the grid
1 Net Load Reductioii reducing demand or supplying supplemental energy behind the meter
1 Reactive Power Controlproviding leading or lagging power to thedyri

9 Energy Absorption collecting and storing energy from the grid.

3.4



The mapping from DER types to DER control effects is shown in Figure 3.

Distributed
Storage

Distributed
Generation

Demand
Response

Reactive Power FIOWW

Energy Absorption J

' Energy Supply J [Net Load Reduction}

v v v

( Distribution Grid ]

ES

Direct Volt/VAr
Regulation

Voltage
Stabilization

Direct Power
Flow Control

Figure 3. Mixed DER Control Mapping

As the figure indicates, DER assets do not supplfotmisupport for DER control effects. What the
di agram does not show is that there are addi
individual implementations. Table 2 describes someattaristis of the control effects of various DER

ti onal

types

Table2. DER Control Effects Analysis

Distributed Generation DemandResponse Distributed Storage
By definition, but some are Bilateral storage can supply
dispatchable and some are energy untildepleted; certain
Energy Supply | stochastic No forms of storage cannot
provide electric output (e.qg.
building thermal storage)
At multiple scales when acting At multiple scales (behind the
Net Load as per circuit laws onlypehind meter; behind the service
. the meter; behind the service By definition transformer; behind the
Reduction i . . . .
transformer; behind the substation) acting as per circu
substation laws until storage is depleted
Reactive Power| Using controllable inverter No Using controllable inverter if
Flow storage is bileeral
Can m|m|c this function by By definition
releasing load already
Energy unde_r DR as Ipng as the Note that some forms of
; No load is immediately called .
Absorption L : storagedo not provide
for at its site; however it - :
electricity back to the grid (e.g
cannot relea building thermal storage)
energy back to the grid 9 9
Several ficompoundoenddiined ar at leastaniafired. These hra corbinatiens of the

four basic control effects listed above. For example, storage could @myithetic grid inertia, but this
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would require both energy supply and absorption acting in a very fastsésohd) bilateral manner
(electric energy both in and out of storage) which not all forms of storage can do. Similarly, temporal
energy shifting ould be accomplished by timed use of net load redudiiimle directvoltage regulation

is not shown in the figure and table above, DG and DS could provide some capability but IEEE 1547 (at

least for nowkexcludes this functian

3.2.1 Temporal/Locational Value

At the bulk system |l evel, DER&6s can exhibit |

i mi

every DER has locational impact, which may be an advantage or a disadvantage, depending on various

factors. As with all distribution level data and twhactions, circuit topology is the context in which
meaning and functional value are determined. Distribution topology can bedityiag on both fast and
slow time scalesshallenging the ability to maintain correct system models at all tiGves ofthe
consequences of this is that a DER value determined via a market operation atrtieyehive degraded
or become problematic or incorrectly evaluated at later tigrdu@ to circuit switching in between times
T,and h.For DEROG s t h alesalamaketbdspkciallyrvin aggreghtiecéuse for the most
part markets or other revenue opportunities for distribdtimv el s er v i c),dosatiahal n 0 t
impact will complicate the distribution control problem d@hdrewill be a challengedr such
aggregationat the bulk or distribution levels to quantiigrformance characteristiss as to incorporate
them into dispatches in optimal or even adequate ways.

e X

The value of DER6s also varies wilodatiomprvalud st at e

variations. Some DERO&s may have value in reliQ

during a relatively small number (8D) of events per year and be highly dependent on location and

capability type (control effect). laddition, the determination of distribution level congestion on real time

or near real time scales requires distribution sensing and software tools that do not presently exist.
DER value also depends on the presence of other DER. Consider the effecitiaeemeby the

distribution utility of neighborhood scale storage as compared to DR for that same neighborhood, keeping
in mind not only control effects, but additional factors such as resilience. Also consider the value of an

evi

ensemble of stationary DER the occasional presence of storage in the form of electric vehicles, or on a

l onger time scal e, wh e n-utilityeentitied Eheré BERasr aeatyrdensea | | e d

3.2.2 Energy State Control

For distribution level energy storage owned and dpdrhy the distribution utility or bthird party

suppliers (but not behind the meter), a key issue is the management of energy state (state of charge).

Bilaterally fast storage is capable of supplying many capabilities, many of which can be supplied
simuttaneously! Such storage has multiple potential values, including in relation to issues of grid

[

S 1

an

n

b

reliability and resilience. In this light, stor at

packingodo in advance oérgybanking/waeehousng ant eher value streaaml |

as

innovations yet to be defined. To make this work though, it will be necessary to manage battery charge

states in a dynamic manner for system purposes beyond simple power flow management.

11 ~
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DER dispatch wilbe a complex function of DER type, grid location and topology, power and ef

state, and el ect r i ¢iaaddditpnmtoocost. M comlinatiom of distribugon [
market mechanisms and distribution level Optimal Power Flow (OPF) ortitthdied equivalent
may be required to reali ze t dleetricfsystenssugs,ovarieus t

simplifications may ultimately be applied.

3.3 Ot her Di stribution | ssues

3.3.1  Volt/VAr Regulation and Stabilization in Partial Meshes with DER

Traditional distribution feeder Volt/VAr regulation systems expect only slow dynamics, but in a partially
meshed high DER penetration environment that condition would not apbére have been suggestions

that solar inverters could participate in feedgulation and could do so via participation in some form of
spot market. Given sdiminute but even subecond dynamics due to feeder switching and flow control,
fluctuations due to stochastic generation such as wind and solar, and interactions witsive $pads,
regulation and stabilization of voltage and reactive power will need to operate on very fast time scales (as
fast as sulzycle).

3.3.2 Load Sharing for DG and DS

The load sharing problem at the bulk system level is solved using local droop caritrelgenerators

and the electranechanical interactions of generators through the transmission grid. No supervisory
controk or communications from generator to generator are used. The load sharing problem had not been
an issue at the distribution levaiti significant levels of DG penetration began to occur. If the future of
distribution includes significant amounts of DG and DS that are not acting solely as behind the meter net
load reduction but are griding scheduled energy transactions, then thd kharing problem will exist at

the distribution level. Various researchers have worked on load sharing solutions for DG, but products do
not exist and standards such as IEEE 1547 will need to be revised before the problem can be considered
solved.

3.33 Broad Access Networks

Given the changing model for distribution operations, some utilities are considering changing their
operational models from being em&y delivery channels to being openly accessible networks for energy
transactions. For this to work, itiet sufficient to have a set of interface definitions and interoperability
standards. It is necessary to have a coordination framework that admits new properly authorized devices
to the network without intervention for configuration purposes and alsddsadevice disconnection the

same way. Such a framework must fully integrate the new device into the operational processes, including
market processes if they exist.
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40 Concl usi ons

Electric distribution is changing in many part of the USe Penetration of DER, combined with

expansion of responsive loads and increasing consumer expectations, has caused a reconsideration of the
basic environment in which distribution control operaléss paper has outlined a new reference model

for distribuion system contrahnd has described the new control problem and key requirerietaew
reference model recognizes that grid control must encompass many assets not owned by the utility and
correspondingly cannot rely solely upon grid data sources@nchanication channel3his in itself has
implications for the design of advanced Distribution Management Systems, both in terms of capabilities
and cyber security.

The distribution grid control and coordination problem itself is changing rapidly anéphieegween

traditional distribution grid control and the requirements of the newly evolving environment is widening
rapidly. The potential presence of a mix of DER elements poses a new kind of control/coordination
opportunity with asyet urresolved compkaions. In addition, if some formf distribuion level market
mechanism i€mployel, the interactions between the marked the control/coordination mechanisms
mustalsobe considered, which addsathernew dimension t@istribution Management Systeresign.
Locationalvalue and locational density create considerationth#®DER dispatch problem that do not

have simple counterparts at the bulk system level, and the presence of aggregators can mask some of the
| ocati onal ¢ har adtdreomplicating thesprololdm ofalRigghéssvalue ffrant DER
investments

In this evolving environment, it is crucial thaetcontrol problem be framguoperly and this means not

just as a set of siloed applications, but agale problem formulatiom the context of a complete
reference model and corresponding architecture.
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Appendi x A

Diagram A.1 provides a depiction of the present daig asodel for distributiorcontrol with DER in an

ISO market environment. Note that the ISO may have a DR program that treats DR in a manner similar to
generation and at the same time distribution utilities in the same Balancing Authority Area may also have
more localized DR prograsn

Figure A.1. Present Day Distribution Control Model with DER in ISO Market Environment
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